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(57) Abstract: There is disclosed a radially expandable knoiless tissue anchor including an expandable outer member defining a 
bore and an inner member slidably positioned within the bore. Relative longitudinal movement of the inner member relative lo the 
expandable member causes a portion of the expandable member to expand radially outwardly. The tissue anchor further includes 
a length of suture material having a first end affixed to a distal end to the inner member and a second end preferably affixed to a 
suturing needle. A transverse bore is provided adjacent the distal end of the inner member. There is also disclosed a method of 
knotlessly anchoring a section of tissue to a section of bone having a bore drilled therethrough. The method includes passing the 
suture through the tissue and positioning the expandable member and a section of tissue within the interior of the bore drilled in bone. 
Expansion of the expandable member secures the suture between the expandable member and the bone to thereby secure the attached 
tissue to bone. There is also disclosed a method of knotlessly securing a section of ligament within an elongated bore drilled in bone. 
The method includes passing the length of suture through the ligament and drawing the ligament adjacent the distal end of the inner 
member and wrapping or lashing the ligament to the dislally inner member Distal movement of the expandable member relative 
to the inner member causes expansion of the expandable member lo secure both the suture and the section of ligament between the 
expandable member and the bone. Additionally, a distal movement of the expandable member forces the lashed sections of suture 
off the inner member. 
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KNOTLESS TISSUE ANCHOR 

BACKGROUND: 
3, Technical Field 

The present disclosure relates to knotless tissue and suture anchors and, more particularly 
to radially expandable anchors and methods for use of the expandable anchors. 
2. Background of Related Art 

During surgery it is often necessary to attach prosthetic implants or soft tissue such as 
muscle tissue, ligaments, or tendons to hard tissue such as bone. Various types of surgical 
fasteners are employed for accomplishing this function, including staples, screw and washer, 
systems, suture anchoring devices, and tissue anchors. 

The first of these types is illustrated in U.S. Pat. Nos. 4,454,875 and 4,570,623, which 
show metal staples with spikes on the underside of the crosspiece to secure ligaments. 

Fasteners included in the second of these types are available as screw-washer 
combinations wherein the screw is fabricated from a surgically suitable metal, such as titanium or 
stainless steel alloy, and is usually of self-tapping design. Suture anchors are adapted to be 
inserted into predrilled holes in bone and can be made of bioabsorbable material. When securing 
a ligament or suture within a bore drilled in bone, the self-tapping screws may abrade the 
ligament or suture as they are threaded in. 

Suture anchors are also used to draw tissue adjacent bone. The anchor, having a first end 
and a suture attached thereto is anchored in bone and a second end of the suture is threaded 
through tissue and a knot is tied to secure the tissue to the bone. 
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Expandable tissue fasteners adapted for use in minimally invasive surgical procedures 
(e.g. arthroscopic procedures) are employed, for example, in the repair of shoulder and knee 
injuries. In such procedures, the operating instrumentation is usually deployed through a long, 
narrow cannula inserted through a small incision in the skin. Knots in the suture are typically 
tied remotely and pushed down to the anchor to secure the tissue and the site. 

What is needed is an expandable tissue fastener or anchor for knotlessly securing tissue 
bone, and for atraumatically securing a grafl to bone 7 especially in minimally invasive surgical 
procedures. 
SUMMARY 

What is provided is a knotless tissue anchor including an expandable member defining a 
bore therethrough and having a radially expandable portion. The expandable member may also 
have an enlarged head portion. Preferably the radially expanding portion includes at least two 
distally extending legs defining a pair of slots therebetween. The tissue anchor further includes 
an inner member slidably disposed -within the bore of the expandable member and having a 
camming surface engageable with the distal ends of the legs to force the distal ends of the legs 
radially outwardly in response to the distal movement of the expandable member relative to the 
inner member. The inner member also includes a length of suture having a first end affixed to 
the distal end of the inner member and a second free end and preferably the second free end is 
affixed to a surgical needle for passing the suture through tissue. More preferably the second end 
of the suture is affixed to a double pointed surgical needle or surgical incision member 
configured to pass the suture through tissue. Importantly, a distal end of the inner member is 
provided with a transverse bore of sufficient diameter to allow the surgical needle and suture to 
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pass therethrough in order to secure tissue or a length of ligament adjacent the distal end of the 
inner member. 

The proximal end of the inner member may be provided with an enlarged head for 
engagement and retention within a mounting member associated with an implantation apparatus. 
Furthermore, the inner member may be provided with a plurality of fins configured to slide 
within and be guided by the slots defined between the legs of the outer member. Ridges may also 
be provided on a shaft section of the inner member to prevent a distal movement of the inner 
member relative to the expandable member after the legs have been expanded. Finally, the inner 
member may also be provided with a breakaway notch such that upon full expansion of the legs 
of the expandable member, the notch is severed and a portion of the inner member is broken off 
to leave the surface of the tissue anchor flush with bone. 



* - 



There is also provided a mounting member configured to releasably receive the disclosed 
tissue fastener and to be releasably mounted on an implantation apparatus. 

There is also disclosed a method of Tcnotlessly securing a section of tissue to a bone. This 
is particularly advantageous in surgeries such as shoulder, ligament or muscle repair surgery. 
The method generally includes providing the disclosed tissue fastener having an expandable 
outer member defining a bore and the inner member movably mounted within the outer member. 
Additionally, d length of suture affixed to the distal end of the inner member and having a 
suturing needle at the opposite end of the suture is also provided. The method further includes 
the steps of passing the free end of the suture through the tissue to be fastened. Preferably, this is 
accomplished with a suturing instrument utilized to pass the surgical needle through the tissue. 
Thereafter, the tissue fastener, having the section of tissue attached thereto, is positioned with a 
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bore formed in bone while the section of tissue remains outside the bore. Additionally, the 
length of suture extending from the distal end of the inner member is also positioned in the bore 
formed in the bone and extending parallel to the tissue fastener and outwardly of the bore. The 
expandable member is expanded by driving the expandable member distally relative to the inner 
member to thereby expand the expandable member into engagement with the suture against the 
bone. 

The method may also include the step of passing the free end of the suture through a 
transverse bore in a distal end of the inner member after the suture has been passed through tissue 
to secure the tissue adjacent the distal end of the inner member. After the suture has been passed 
through the transverse bore, tension may be applied to the suture to either draw the tissue 
adjacent the bore drilled in bone. 

There is also disclosed a method of securing a ligament within an elongated bore drilled 
in bone such as that used in knee repair surgery. Method includes providing the tissue fastener 
described herein and piercing the ligament one or more times with the needle attached to the 
suture. Thereafter the needle and suture are-passed through the hub to a transverse bore in the 
distal end of an inner member of the tissue fastener and the ligament is snugly secured adjacent 
the distal end of the inner member. Furthermore, the suture may be wrapped several times about 
the ligament and distal end of the inner member thereby securely lashing the ligament to the 
distal end of the inner member. The tissue fastener is either provided with a mounting portion 
for attachment to an implantation apparatus or may be manually assembled into a mounting 
member which is then releasably mounted into an implantation member. 

Once the assembled tissue fastener and ligament have been mounted on the implantation 
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apparatus, the implantation apparatus may be inserted through an enlarged bore formed through a % 
pair of knee bones. The bores are of sufficient diameter that the attached ligament is not abraded 
or destroyed as it is advanced through the enlarged bore. Preferably, at the distal most end of the 
bores, a reduced diameter section is provided for receipt of the tissue fastener and associated 
ligament. Thereafter the implantation apparatus is actuated to expand the expandable member 
thus compressing the ligament adjacent the wall of the bore of the bone to secure the ligament 
between the expandable member and the bone. Thus, the ligament can be implanted with only 
radially extending forces acting on the ligament thereby providing atraumatic delivery and 
securement of the ligament within knee hone. 



C 



BRIEF DESCRIPTION Q FT^E DRAWINGS 

Various embodiments are described below with reference to the drawings wherein: 

FIG. I is a perspective view, with parts separated, of a preferred embodiment of a radially 
expandable tissue fastener including an associated length of suture and needle and a mounting 
portion for use with an implantation device; 

FIG. 2 is a cross-sectional view of the assembled tissue fastener in an unfixed state; 

FIG. 3 is a cross-sectional view of the assembled tissue fastener in the radially expanded 
fired state; 

FIG. 4 is a cross-sectional view of the tissue fastener loaded into the mounting portion to 

form a disposable loading unit; 

FIG. 5 is a perspective view of the disposable loading unit mounted on a tissue fastener 
implantation apparatus and the associated needle mounted on a jaw of a suturing apparatus; 
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FIG. 6 is a side view of the jaws of the suturing apparatus passing the needle through a 
section of tissue to be fastened to bone; 

FIG. 7 is a side view of the suturing instrument having passed the needle through a bore 
in the tissue fastener; 

FIG. 8 is a cross-sectional view of the tissue fastener in an unfired state, positioned in a 
bore drilled in bone; 

FIG. 9 is a cross- sectional view of the tissue fastener in the bore formed in the bone, in 
the fired state, to anchor both ends of the suture therein; 

FIG. 10 is a cross-sectional view taken along JinelO-10 of FIG. 9; 

FIG- 11 is a side view of a piece of ligament or grafl material having been penetrated by 
the needle and suture associated with the tissue fastener; 

FIG. 12 is a partial cross- sectional view of the grafl material secured to an end of the 
tissue fastener; 

FIG. 13 is a perspective view of the assembled tissue fastener and graft material mounted 
on the implantation apparatus and positioned in a bore drilled through bone; and 

FIG. 14 is a partial cross-sectional view of the expanded tissue fastener securing a first 
end of the graft material within the bore in the bone. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

The preferred embodiments of the apparatus and methods disclosed herein are discussed 
in terms of orthopedic expandable tissue fastener implantation. It is also envisioned, however, 
that the disclosure is applicable to a wide variety of procedures including, but not limited to 
ligament repair, joint repair or replacement, non-union fractures, facial reconstruction, etc. In 
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addition, it is believed that the present apparatus finds application in both open and minimally 
invasive procedures including endoscopic and arthroscopic procedures wherein access to the 
surgical site is achieved through a cannula or small incision. 

In the description which follows, the term "proximal", as is traditional, will refer to the 
portion of the structure which is closest to the operator, while the term "distal" will refer to the 
portion which is furthest from the operator. 

The device and methods described herein are specifically configured for securing tissue 
or suture material by applying a radially expandable tissue fastener to a predrilled hole in bone 
and securing the tissue or suture between the fastener and the bone. The orthopedic tissue 
fastener is preferably provided as part of a disposable loading unit including a mounting unit. 

Referring now to FIG. 1> tissue fastener 10 includes an expandable body 12 and a setting 
pin. More particularly, body 12 and the setting pin are preferably fabricated from a 
bioabsorbable material such as polymers of glycolide, lactide, caprolactrone, p-dioxanone, 
trimethylene carbonate and physical and chemical combinations thereof. Body 12 includes a 
shaft 14 with an axial aperture 15 extending therethrough. An enlarged head 16 maybe 
provided at a proximal end of shaft 14 to engage an implantation instrument. 

Shaft 14 includes at least two, and preferably four, distally extending legs 18 which arc 
defined by lengthwise slots 20. Body 12 is fabricated from a material with sufficient flexibDity 
and resiliency to allow legs 18 to radially expand by splaying outward. When body 12 is placed 
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in 



a hole and legs 1 8 are expanded, barbs 22 provided on the outer surface of legs 1 8 engage the 



wall of bone tissue surrounding the bole and fractionally secure the body therein. Expanded legs 
IS also knotlessly secure a section of sutUTe or graft material positioned between legs 18 and 
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adjacent bone. Legs 18 are expanded in response to engagement with a setting pin 24 as 
described below. 

Setting pin 24 is part of expandable tissue fastener 1 0 and includes an elongated shaft 26 
with at least one, and preferably four, lengthwise extending fins 28 adapted to engage and be 
guided by slots 20 in body 12. A series of circumferential barbs 30 on the shaft 26 inhibit distal 
motion of setting pin 14 relative to body 12. Shaft 24 also includes a wider diameter head 32 at 
its proximal end to facilitate grasping of setting pin 24 by an implantation instrument. At its 
distal end portion, shaft 26 includes an expanded diameter bulbous portion 34 which includes a 
proximally facing camming surface 36 and distally facing beveled tip 38. Camming surface 36 is 
provided to engage and radially expand legs 1 8 on body 12. A first end 42 of an associated 
length of suture 40 is affixed to shaft 26 within a bore 44 in tip 38. A needle 46 is affixed to a 

0 

second end 48 of suture 40. Needle 46 may be a known suturing needle or, preferably, a surgical 
incision member such as that disclosed in United States Patent No. 5,569,301 to Granger et ai., 
the entire disclosure of which is incorporated by reference herein. A transverse bore 50 for 
receipt of suture 40 is provided in bulbous portion 38. Shaft 26 also includes a proximal end 
portion demarcated by a circumferential breakaway notch 52. 

A mounting member 100 is provided to mount tissue fastener 1 0 on an implantation 
apparatus and together therewith forms a disposable loading unit 150. Mounting member 100 is 
a tissue fastener mounting portion which is an independent structure for supporting both 
expandable body 12 of tissue fastener 10 and setting pin 24. The entire disposable loading unit 
150 mounts to the distal end of the implantation apparatus, as described below. 

Mounting member 100 includes a collar 102 defining a recess 104 into which head 16 of 
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body 12 is received and supported. A shaft 106 defines a lengthwise axis and includes laterally 
extending bayonet mounting pins 108 for releasably engaging L-shaped slots in the housing tube 
of an implantation instrument. A mounting slot 110 for retaining setting pin 24 extends 
lengthv/ise through collar 102 and includes at least one abutment wall 1 12 for contacting and 
retaining head 32 of setting pin 24. An access port 1 14 enables head 32 to be mounted into 
mounting slot 110 proximal to abutment wall 112. Mounting member 100 also includes arcuate 
lengthwise extending access chambers 1 16 which allow passage therethrough of pusher prongs 
(discussed below) for contacting and pushing head 16 of body 12. 

Referring to FIGS. 2 and 3, shaft 26 of setting pin 24 is adapted to be slidably disposed 
within aperture 15 of body 12. When body 12 is moved distally with respect to setting pin 24, 
camming surface 36 eventually contacts the distal tips of legs 18. Further distal movement of 
body 12 causes legs 1 8 to splay radially apart under the camming action of surface 36 because the 
diameter of bulbous portion 34 is greater than that of aperture 15. Distal movement of body 12 
can be effected by an instrument which distally advances body 12 while holding setting pin 24 
stationary, or which grips and pulls head 32 of setting pin 24 while holding body 12 stationary. 
At a predetermined point, legs 1 8 are fully expanded and the setting pin 24 cannot move any 
further through aperture 15. Increased pulling force applied to the proximal end portion of shaft 
26 causes shaft 26 to fracture at breakaway notch 52 thereby splitting off the proximal end 
portion shaft 26 when a predetermined force is applied. Setting pin 24 is configured and 
dimensioned such that when setting pin shaft 26 undergoes the controlled fracture at full 
expansion of legsl 8, breakaway notch 52 will not be positioned outside aperture 15 of the body 
12 but rather within aperture 15. 

9 
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Referring now to FIG. 4, disposable loading unit 150 is provided to the surgeon in 
sterilized form and may arrive fully assembled with tissue fastenerlO positioned in mounting 
member 100 or the components may be separated requiring assembly. 

In order to assemble tissue fastener 10 within mounting member 1 00, elongated shaft 26 
of setting pin 24 is inserted into keyhole shaped mounting slot 1 1 0 in mounting member 1 00. 
Elongated shaft 26 is advanced within slot 1 10 until head 32 is flexed to a position down into slot 
110 and abuts abutment wall 1 12. Thus, head 16 of expandable body 12 is positioned within 
recess 104 in collar 102. In this manner the disposable loading unit is assembled and is ready for 
insertion into an implantation instrument. Attached suture 40 and needle 46 may be provided 
loose or may be provided in a separate loading unit to facilitate loading needle 46 into a surgical 
suturing instrument. 

Referring now to FIG. 5, there is disclosed a suitable tissue fastener implantation 
apparatus 200, the components and operation of which are more fully described in U.S. Patent 
No. 5,925,244 to Tovey et al., the entire disclosure of which is incorporated by reference herein. 
In general, implantation apparatus 200 includes an elongated portion 202 extending distally from 
a handle portion 204. Handle portion 204 generally includes a stationary handle portion 206 and 
a trigger 208. Operation of trigger 208 acts as operating structure to expand tissue fastener 10. 

A distal end of elongated portion 202 is provided with an L-shaped slot 210 configured to 
receive bayonet mounting pins 108 of mounting member 100. In order to assemble on disposable 
loading unit 150 into implantation apparatus 200, mounting member 100 is positioned and 
advanced into the distal end of elongated member 202 such that bayonet mounting pins 1 08 enter 
elongated slot 210. Mounting member 100 is then rotated such that bayonet pins 108 are rotated 

10 
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into the transverse portion 212 of slot 21 0. Thus, the disposable loading unit 1 50 including 
mounting member 100 and tissue fastener 10 are securely attached to the distal end of 
implantation apparatus 200. As noted above, operation of trigger will drive expandable body 12 
distally relative to setting pin 24 to thereby expand legs 18 radially outward. 

As noted hereinabove, tissue fastener 10 includes a length of suture 40 and a needle 46. 
Needle 46 may be of any suitable tissue suturing variety. However, the preferf ed needle 46 is a 
surgical incision member 46 of the type noted in U.S. Patent No. 5,569,301 the contents of which 
were incorporated by reference hereinabove. When utilizing surgical incision member 46, the 
use of a particular suturing apparatus disclosed in U.S. Patent No. 5,569,301 is advantageous. 
Suturing apparatus 250 generally includes a handle portion 252 having a pair of pivoting handles 
254 affixed thereto. An elongated member 256 extends distally from handle portion 252 and 
terminates in apair of movable jaws 258 and 260. Actuation of handles 254 opens and closes 
jaws 258 and 260. As discussed in U.S. Patent No. 5,569,301, operation of a toggle lever 262 
functions to releasably and alternatively secure surgical incision member 46 within jaws 258 and 
260. Thus, by closing handles 254, jaws 258 and 260 close and cause surgical incision 46 to 
penetrate tissue positioned therebetween, upon operation of toggle lever 262, surgical incision 
member 46 can be released from a Grst jaw and secured in a second jaw to thereby pass the 
needle through tissue upon opening of jaws 258, 260. 

Referring now to FIG. 6, the use of tissue fastener 1 0 to secure a piece of tissue such as 
muscle tissue relative to bone will now be described. While this discussion has broad 
applicability to any situation where muscle tissue, ligaments or other soft tissue are to be secured 
to bone, the following discussion is in terms of securing tissue adjacent a bore drilled in bone as 
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in typical shoulder surgeries. As shown in FIG. 6, the suturing apparatus has been operated to 
pass surgical incision member 46 and a portion of associated length of suture 40 through a tissue 
section A. As more fully discussed in U.S. Patent No.5,569,301, this is accomplished by 
positioning the surgical incision member in jaw 258, operating suturing apparatus 250 to close 
jaws 258 and 260 together so as to pierce tissue section A with surgical incision member 46 and 
actuating the surgical suturing instrument so as to release surgical incision member 46 from 
upper jaw 258 and securely grasping it in lower jaw 260, thus on opening of jaws 258 and 260 
surgical incision member 46 and portion of suture 40 is pulled through tissue section A. 

Referring now to FIG. 7, in order to secure tissue section A to distal end of setting pin 24, 
suturing apparatus 250 is again operated so as to pass surgical incision member 46 through 
bore transverse 50 in bulbous portion 34 of setting pin 24. By manipulating surgical suturing 
apparatus 250, tension may be applied to suture 40 so as to draw tissue section A tightly against 
the distal end of setting pin 24. 

Referring now to FIG. 8, in order to secure and draw a tissue section adjacent a particular 
section of bone, a bore B is drilled in the desired section of shoulder bone C. Once a boTe B has 
been drilled in bone C, implantation apparatus 200 can be manipulated so as to position the 
unfired tissue fastenerl 0 having a length of tissue A secured adjacent to it within bore B. 

Referring to FIGS. 8-10, actuation of implantation apparatus 200 drives a pair of pusher 
prongs 212 through access chamber 1 16 in mounting member 100 to engage head 16 of 
expandable member 12 and thus drive expandable member 12 distally relative to setting 24. 
Mounting member 100 may have access chamber 1 16 tapered toward the center of member 100 
to allow use with existing instrumentation and engage the relatively small diameter head 16 of 
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expandable member 12. As noted hereinabove, when tissue fastener 10 is loaded in mounting 
member 100, head 32 of setting pin 24 is restrained from movement. Thus, as the prongs drive 
expandable member 12 distally, the distal ends of legs 18 are engaged by camming surface 36 on 
setting pin 24 and driven radially outwardly. As noted above, fins 28 are engaged and are guided 
by slots 20 formed in expandable member 12. As legs 18 are driven radially outward, barbs 22 
engage and secure a portion of suture 40 against the bone C within bore B. Alternatively tissue 
section A may be drawn into bore B prior to expanding expandable member 12. As discussed 
above, when sufficient force has been applied to expandable member 12 by pusher prongs, 
expandable member 12 can advance no further relative to setting pin 24 and the additional force 
severs or breaks setting pin 24 at breakaway notch 52. 

As shown in FIG. 9, after actuation, setting pin 24 is disposed inwardly of head 16 of 
expandable member 1 2. In this manner, the section of tissue A is secured adjacent the opening 
of the bore in bone C. The suture 40 will be sufficiently tensioned so that the tissue section A 
remains outside the bore. Thus tension can be provided to suture 40 so as to snug an extreme end 
of the tissue section adjacent tissue fastener 10 without drawing it down into the bore. Actuation^ 
of the expandable member 12 secures and locks the suture in place within bore B thereby 
facilitating securement of the tissue section without the need for any external knots. Thus, this is 
a convenient, secure and easy knotless suture securing procedure. 

Referring now to FIG. 1 1 , the use of tissue fastener 10 in knee ligament repair surgery 
where it is desirable to secure a distal end of a ligament within an elongated bore drilled in a knee 
bone wi|] now be described. As noted above, often this is accomplished by threading a screw 
adjacent the ligament thereby abrading the ligament or by wedging the ligament together with 
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some sort of wedge into the bore in which event the ligament must travel a longitudinal distance 
while being abraded by bone on one side and the wedge on the other. The disclosed method has 
the distinct advantage of being able to position a ligament section within a bore in a knee bone 
without any trauma to the ligament. 

As shown in FIG. 1 1 , initially surgical suturing apparatus 250 is actuated and so as to 
pass surgical incision member 46 and thus suture 40 through ligament section D. Preferably, 
surgical incision member 46 is passed back and forth through ligament section D several times so 
as to gain a secure hold of ligament D with suture 40. 

Referring now to FIG. 12, ligament section D is advanced along suture 40 towards 
beveled tip 38 until the pierced section of ligament D is adjacent beveled tip 38. Thereafter, in 
order to firmly secure ligament section D to setting pin 24 the suturing apparatus is actuated to 
pass surgical incision 46 through transverse bore 50 in setting pin 24. The suture may then be 
wrapped around bulbous portion 34 and ligament D numerous times to thereby lash ligament D 

to the distal end of setting pin 24. 

Subsequently, disposable loading unit 1 50 containing the attached ligament D is mounted 
to the implant apparatus as described above. 

Referring now to FIG. 13, once disposable loading unit 100 and apparatus 200 have been 
assembled, implantation apparatus 200 is positioned such that elongated portion 202 and tissue 
fastener 10 are advanced through bores E and F drilled through knee joints G and H. Specifically 
shown in FIG. 13, bores E and F through the knee bone sections are of sufficient diameter such 
that elongated portion 204 may be passed therethrough. However, because of the reduced 
diameter of tissue fastener! 0 and ligament D, the ligament is not traumatized as it is advanced 
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through bones E and F. A smaller diameter bore 1 is drilled at the end of bore F to accommodate 
them. The point at which the implant is to be expanded is in the reduced diameter bore I. 

Referring to FIGS. 23 and 14, actuation of implantation apparatus 200 will operate to 
push expandable member 12 distally relative to setting pin 24 thereby forcing legs 18 radially 
outwardly to engage and secure ligament section D adjacent to bone G. Thus, ligament D is 
firmly secured within bore F in sutureless fashion without trauma to ligament D and no 
additional knots need be tiedw 

It will be understood that various modifications may be made to the embodiments 
disclosed herein. For example, barbs 22 are an expandable member. 12 may be reconfigured as 
abraded surfaces or other means to frictionally engage suture 1 2 when cammed against suture 12 
in a bore in bone. Additionally, barbs 22 may assume a rounded configuration to be less 
traumatic to any associated ligament or tissue section engaged by legs 1 8 as they expand. The 
above description should not be construed as limiting, but merely as exemplifications of 
preferred embodiments and methods. Those skilled in the art will envision other modifications 
and uses within the scope and spirit of the claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. A knotless tissue anchor comprising: 

an expandable member defining a bore therethrough and including a radially 
expandable portion; 

an inner member slidably disposed within the bore of the expandable member 
such that the expandable portion expands radially outwardly in response to longitudinal motion 
of the expandable member relative to the inner member; and 

a length of suture having a first end and a second end, the first end of the suture 
being affixed to the distal end of the inner member. 

2. The knotless tissue anchor as recited in Claim .1, wherein the expandable portion 
includes at least two flexible legs. 

3. The Icnotless tissue anchor as recited in Claim 2 wherein the inner member has a 
camming surface configured to engage the at least two flexible legs to force ends of said legs 
radially outwajd in response to relative longitudinal motion between the expandable member and 
the inner member. 

4. The knotless tissue anchor as recited in Claim 3> wherein the camming surface 
engages the at least two legs in response to distal movement of the expandable member relative 
to the inner member. 
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5. The knotless tissue anchor as recited in Claim 1, wherein a distal portion of the 
inner member defines a transverse bone therethrough for receipt of the length of suture. 

6. The knotless tissue anchor as recited in Claim 1, further comprising a needle 
affixed to the second end of the suture. 

7. The knotless tissue anchor as recited in Claim 6, wherein the needle is a double 
pointed incision member and the second end of the suture is affixed to the needle intermediate 
the points. 

8. The knotless tissue anchor as recited in Claim 2, wherein the at least two flexible 
legs define at least two slots therebetween, the inner member having at least two fins, each one of 
the at least two fins configured to be slidably received within a corresponding slot of the at least 
two slots. 

c 

9. The knotless tissue anchor as recited in Claim J „ wherein the inner member has 
circumferential ridges, the ridges engageable with the expandable member to prevent distal 
motion of the inner member relative to the expandable member after the expandable portion has 
been radially expanded. 

1 0. The knotless tissue anchor as recited in Claim 2, wherein the at least two 
expandable legs have ridges on outer surfaces thereof to frictionally engage surrounding bone. 
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1 1 . The knotless tissue anchor as recited in Claim 1, wherein the expandable member 
has an enlarged head at a proximal end thereof. 

12. A method of IcnotlessJy suturing a section of tissue to bone comprising: 
providing a tissue fastener having an expandable outer member, an inner member 

movably mounted within the outer member, the outer member being radially expandable in 
response to relative longitudinal movement between the expandable member and the inner 
member and a length of suture having a first end affixed to the inner member and a second free 
end; 

passing the free end of the suture through tissue to be fastened; 
inserting the tissue fastener in a bore formed in bone; 

positioning a portion of the suture located between the tissue and the second free 
end between the expandable member and the bore in the bone; and 

expanding the expandable member into engagement with the bone such that the 
portion of the suture is secured between the expandable member and the bone. 

13. The method as recited in Claim 12 3 wherein the inner member includes a 
transverse bore in a distal end thereof and the step of positioning includes passing the free end of 
the suture through the transverse bore. 

14. The method as recited in Claim 13, further comprising applying tension to the 
second free end of the suture to draw the tissue adjacent the tissue fastener. 
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The method as recited in Claim 12 wherein the second free end of the suture 
affixed thereto and the step of passing includes piercing the tissue with the needle. 

] 6. A method of securing a ligament within a bore formed in bone comprising: 

providing a tissue fastener having an expandable member and a length of suture; 

securing an end of the ligament to the tissue fastener with the length of suture; 

placing the tissue fastener and ligament in the bore formed in bone such that a 
portion of the ligament extends parallel to the tissue fastener; and 

expanding the expandable member to secure the ligament between the expandable 
member and the bone, 

17. The method as recited in Claim 16 wherein the step of securing includes passing 
the suture through the ligament. 

1 8. The method as recited in Claim 17 wherein the step of securing further includes 
lashing the ligament to an inner member of the tissue fastener. 

1 9. The method as recited in Claim 1 8 wherein distal movement of the expandable 
member relative to the inner member expands the expandable member and forces the lashed 
section of the ligament off the inner member. 

20. A mounting member for use with a surgical implantation apparatus comprising: 
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a shaft having structure for releasably engaging corresponding structure on an 
implantation apparatus, the shaft having at least one longitudinal access chamber for receipt of 
driving structure associated with the implantation apparatus. 



2 1 . The mounting member as recited in Claim 20, further comprising an expandable 
tissue anchor wherein the shaft has mounting structure at a distal end thereof for releasably 
engaging the expandable tissue anchor such that the combined mounting member and tissue 
anchor form a disposable loading unit. 
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(54) Title: KNOTLESS TISSUE ANCHOR 

^1 (57) Abstract: There is disclosed a radially expandable knotless tissue anchor including an expandable outer member defining a 
^t bore and an inner member slidably positioned within the bore. Relative longitudinal movement of the inner member relative to the 
expandable member causes a portion of the expandable member to expand radially outwardly. The tissue anchor further includes 
a length of suture material having a first end affixed to a distal end to the inner member and a second end preferably affixed to a 
&\ suturing needle. A transverse bore is provided adjacent the distal end of the inner member. There is also disclosed a method of 
ON knotlessly anchoring a section of tissue to a section of bone having a bore drilled therethrough. The method includes passing the 
suture through the tissue and positioning the expandable member and a section of tissue within the interior of the bore drilled in bone. 
^? Expansion of the expandable member secures the suture between the expandable member and the bone to thereby secure the attached 
tissue to bone. TheTe is also disclosed a method of knotlessly securing a section of ligament within an elongated bore drilled in bone. 
The method includes passing the length of suture through the ligament and drawing the ligament adjacent the distal end of the inner 
member and wrapping or lashing the ligament to the distally inner member. Distal movement of the expandable member relative 
to the inner member causes expansion of the expandable member to secure both the suture and the section of ligament between the 
£^ expandable member and the bone. Additionally, a distal movement of the expandable member forces the lashed sections of suture 
off the inner member. 
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KNOT! JESS TISSU E ANCHOR 

BACKGROUND: 
3. Technical Field 

The present disclosure relates to knotless tissue and suture anchors and, more particularly 
to radially expandable anchors and methods for use of the expandable anchors. 

2. Back ground of Related Art 

During surgery it is often necessary to attach prosthetic implants or soft tissue such as 
muscle tissue, ligaments, or tendons to hard tissue such as bone. Various types of surgical 
fasteners are employed for accomplishing this function, including staples, screw and washer 
systems, suture anchoring devices, and tissue anchors. 

The first of these types is illustrated in U.S. Pat. Nos. 4,454,875 and 4,570,623, which 
show metal staples with spikes on the underside of the crosspiece to secure ligaments. 

Fasteners included in the second of these types are available as screw-washer 
combinations wherein the screw is fabricated from a surgically suitable metal, such as titanium of- 
stainless steel alloy, and is usually of self- tapping design. Suture anchors are adapted to be 
inserted into predrilled holes in bone and can be made of bioabsorbable material. When securing 
a ligament or suture within a bore drilled in bone, the self-tapping sciews may abrade the 
ligament or suture as they are threaded in. 

Suture anchors are also used to draw tissue adjacent bone. The anchor, having a first end 
and a suture attached thereto is anchored in bone and a second end of the suture is threaded 
through tissue and a knot is tied to secure the tissue to the bone. 
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Expandable tissue fasteners adapted for use in minimally invasive surgical procedures 
(e.g. arthroscopic procedures) are employed, for example, in the repair of shoulder and knee 
injuries. In such procedures, the operating instrumentation is usually deployed through a long, 
narrow cannula inserted through a small incision in the skin. Knots in the suture are typically 
tied remotely and pushed down to the anchor to secure the tissue and the site. 

What is needed is an expandable tissue fastener or anchor for knotlessly securing tissue 
bone ? and for atraumatically securing a graft to bone ? especially in minimally invasive surgical 
procedures. 
SUMMARY 

What is provided is a knotless tissue anchor including an expandable member defining a 
bore therethrough and having a radially expandable portion. The expandable member may also 
have an enlarged head portion. Preferably the radially expanding portion includes at least two 
distally extending legs defining a pair of slots therebetween. The tissue anchor further includes 
an inner member slidably disposed within the bore of the expandable member and having a 
camming surface engageable with the distal ends of the legs to force the distal ends of the legs 
radially outwardly in response to the distal movement of the expandable member relative to the 
inner member. The inner member also includes a length of suture having a first end affixed to 
the distal end of the inner member and a second free end and preferably the second free end is 
affixed to a surgical needle for passing the suture through tissue. More preferably the second end 
of the suture is affixed to a double pointed surgical needle or surgical incision member 
configured to pass the suture through tissue. Importantly, a distal end of the inner member is 
provided with a transverse bore of sufficient diameter to allow the surgical needle and suture to 
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pass therethrough in order to secure tissue or a length of ligament adjacent the distal end of the 
inner member. 

The proximal end of the inner member may be provided with an enlarged head for 
engagement and retention within a mounting member associated with an implantation apparatus. 
Furthermore, the inner member may be provided with a plurality of fins configured to slide 
within and be guided by the sloxs defined between the legs of the outer member. Ridges may also 
be provided on a shaft section of the inner member to prevent a distal movement of the inner 
member relative to the expandable member after the legs have been expanded. Finally, the inner V 

* 

member may also be provided with a breakaway notch such that upon lull expansion of the legs 

of the expandable member, the notch is severed and a portion of the inner member is broken off 

to leave the surface of the tissue anchor flush with bone. 

There is also provided a mounting member configured to releasably receive the disclosed 

tissue fastener and to be releasably mounted on an implantation apparatus. 

There is also disclosed a method of knotlessly securing a section of tissue to a bone. This 
is particularly advantageous in surgeries such as shoulder, ligament or muscle repair surgery. ( 
The method generally includes providing the disclosed tissue fastener having an expandable 
outer member defining a bore and the inner member movably mounted within the outer member. 
Additionally, a length of suture affixed to the distal end of the inner member and having a 
suturing needle at the opposite end of the suture is also provided. The method further includes 
the steps of passing the free end of the suture through the tissue to be fastened. Preferably, this is 
accomplished with a suturing instrument utilized to pass the surgical needle through the tissue. 
Thereafter, the tissue fastener, having the section of tissue attached thereto, is positioned with a 
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bore formed in bone while the section of tissue remains outside the bore. Additionally, the 
length of suture extending from the distal end of the inner member is also positioned in the bore 
formed in the bone and extending parallel to the tissue fastener and outwardly of the bore. The 
expandable member is expanded by driving the expandable member disxally relative to the inner 
member to thereby expand the expandable member into engagement with the suture against the 

bone. 

The method may also include the step of passing the free end of the suture through a 
transverse bore in a distal end of the inner member after the suture has been passed through tissue 
to secure the tissue adjacent the distal end of the inner member. Afler the suture has been passed 
through the transverse bore, tension maybe applied to the suture to either draw the tissue 
adjacent the bore drilled in bone. 

There is also disclosed a method of securing a ligament within an elongated bore drilled 
in bone such as that used in knee repair surgery. Method includes providing the tissue fastener 
described herein and piercing the ligament one or more times with the needle attached to the 
suture. Thereafter the needle and suture are-passed through ihe hub to a transverse bore in the 
distal end of an inner member of the tissue fastener and the ligament is snugly secured adjacent 
the distal end of the inner member. Furthermore, the suture may be wrapped several times about 
the ligament and distal end of the inner member thereby securely lashing the ligament to the 
distal end of the inner member. The tissue fastener is either provided with a mounting portion 
for attachment to an implantation apparatus or may be manually assembled into a mounting 
member which is then releasably mounted into an implantation member. 

Once the assembled tissue fastener and ligament have been mounted on the implantation 
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apparatus, the implantation apparatus may be inserted through an enlarged bore forme* through a . 
pair ofk.ee bones. The bores are of sufficient diameter that the attached ligament is not abraded 
or destroyed as it is advanced through the enlarged bore. Preferably, at the distal most end of the 
bores, a reduced diameter section is provided for receipt of the tissue fastener and associated 
ligament. Thereafter the implantation apparatus is actuated to expand the expandable member 
thus compressing the ligament adjacent the wall of the bore of the bone to secure the ligament 
between the expandable member and the bone. Thus, the ligament can be implanted with only 
radially extending forces acting on the ligament thereby providing atraumatic delivery and C 
securement of the ligament within knee bone. 



ftRTKF DES CRIPTION OF THE DRAWINGS 

Various embodiments are described below with reference to the drawings wherein: 
PIG. 1 is a perspective view, with parts separated, of a preferred embod,menl of a radially 
expandable tissue fastener including an associated length of suture and needle and a mounting 
portion for use with an implantation device; ( 
FIG. 2 is a cross-sectional view of the assembled tissue fastener in an unfired state; 
FIG. 3 is a cross-sectional view of the assembled tissue fastener in the radially expanded 

fired state; 

FIG. 4 is a cross-sectional view of the tissue fastener loaded into the mounting portion to 

form a disposable loading unit; 

FIG. 5 is a perspective view of the disposable loading unit mounted on a tissue fastener 
implantation apparatus and the associated needle mounted on a jaw of a suturing apparatus; 
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FIG. 6 is a side view of the jaws of the suturing apparatus passing the needle through a 
section of tissue to be fastened to bone; 

FIG. 7 is a side view of the suturing instrument having passed the needle through a bore 
in the tissue fastener, 

FIG. 8 is a cross-sectional view of the tissue faslener in an unfired state, positioned in a 
bore drilled in bone; 

FIG. 9 is a cross-sectional view of the tissue fastener in the bore formed in the bone, in 
die fired state, to anchor both ends of the suture therein; 

FIG. 10 is a cross-sectional view taken along line 10- 10 of FIG. 9; 

FIG. 11 is a side view of apiece of ligament or graft material having been penetrated by 
the needle and suture associated with the tissue fastener; 

FIG. 12 is a partial cross-sectional view of the graft material secured to an end of the 
tissue fastener; 

FIG. 13 is a perspective view of the assembled tissue fastener and graft material mounted 
on the implantation apparatus and positioned in a bore drilled through bone; and 

FIG. 14 is a partial cross-sectional view of the expanded tissue fastener securing a first 
end of the graft material within the bore in the bone. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

The preferred embodiments of the apparatus and methods disclosed herein are discussed 
in Terms of orthopedic expandable tissue fastener implantation. It is also envisioned, however, 
that the disclosure is applicable to a wide variety of procedures including, but not limited to 
ligament repair, joint repair or replacement, non-union fractures, facial reconstruction, etc. In 
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addition, it is believed that the present apparatus finds application in both open and minimally 
invasive procedures including endoscopic and arthroscopic procedures wherein access to the 
surgical site is achieved through a cannula or small incision- 
al the description which follows, the term "proximal", as is traditional, will refer to the 
portion of the structure which is closest to the operator, while the term "distal" will refer to the 
portion which is furthest from the operator. 

The device and methods described herein are specifically configured for securing tissue 
or suture material by applying a radiaJly expandable tissue fastener to a predrilled hole in bone 
and securing the tissue or suture between the fastener and the bone. The orthopedic tissue 
fastener is preferably provided as part of a disposable loading unit including a mounting unit. 

Referring now to FIG. 1, tissue fastener 10 includes an expandable body 12 and a setting 
pin. More particularly, body 12 and the setting pin are preferably fabricated from a 
bioabsorbable material such as polymers of glycolide, lactide, caprolactrone, p-dioxanone, 
trimethylenc carbonate and physical and chemical combinations thereof. Body 12 includes a 
shaft 14 with an axial aperture 15 extending therethrough. An enlarged head 16 maybe 
provided at a proximal end of shaft 14 to engage an implantation instrument. 

Shaft 14 includes at least two, and preferably four, distaily extending legs 1 8 which arc 
defined by lengthwise slots 20. Body 12 is fabricated from a materia] with sufficient flexibility 
and resiliency to allow legs 1 S to radially expand by splaying outward. When body 12 is placed 
in a hole and legs 1 8 are expanded, barbs 22 provided on the outer surface of legs 1 8 engage the 
wall of bone tissue surrounding the hole and frictionally secure the body therein. Expanded legs 
IS also knotlessly secure a section of suture or graft material positioned between legs 18 and 
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adjacent bone. Legs 1 8 are expanded in response to engagement with a setting pin 24 as 
described below. 

Setting pin 24 is part of expandable tissue fastener 10 and includes an elongated shaft 26 
with at least one, and preferably four., lengthwise extending fins 28 adapted to engage and be 
guided by slots 20 in body 12. A series of deferential barbs 30 on the shaft 26 inhibit distal 
motion of selling pin l4 relative to body 12. Shaft 24 also includes a wider diameter head 32 at 
its proximal end to facilitate grasping of setting pin 24 by an implantation instrument. At its 
distal end portion, shaft 26 includes an expanded diameter bulbous portion 34 which includes a 
proximal* facing camming surface 36 and distally facing beveled tip 38. Camming surface 36 is 
provided to engage and radially expand legs 1 8 on body 12. A first end 42 of an associated 
length of suture 40 is affixed to shaft 26 within a bore 44 in tip 38. A needle 46 JS affixed to a 
second end 48 of suture 40. Needle 46 may be a known suturing needle or, preferably, a surgical 
incision member such as that disclosed in United States Patent No. 5,569,301 to Granger et al., 
the entire disclosure of which is incorporated by reference herein. A transverse bore 50 for 
receipt of suture 40 is provided in bulbous portion 38. Shaft 26 also includes a proximal end 
portion demarcated by a circumferential breakaway notch 52. 

A mounting member 1 00 is provided to mount tissue fastener 1 0 on an implantation 
apparatus and together therewith forms a disposable loading unit 1 50. Mounting member 1 00 is 
a tissue fastener mounting portion which is an independent structure for supporting both 
expandable body 12 of tissue fastener 10 and setting pin 24. The entire disposable loading unit 
150 mounts to the distal end of the implantation apparatus, as described below. 

Mounting member 100 includes a collar 102 defining a recess 104 into which head 16 of 
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body 12 is received and supported. A shaft 106 defines a lengthwise axis and includes laterally 
extending bayonet mounting pins 108 for releasably engaging L-shaped slots in the housing tube 
of ail implantation instrument. A mounting slot 110 for retaining setting pin 24 extends 
lengthwise through collar 102 and includes at least one abutment wall 1 12 for contacting and 
retaining head 32 of setting pin 24. An access port 1 14 enables head 32 to be mounted into 
mounting slot 1 10 proximal to abutment wall 112. Mounting member 100 also includes arcuate 
lengthwise extending access chambers 1 16 which allow passage therethrough of pusher prongs 
(discussed below) for contacting and pushing head 16 of body 12. 

Referring to FIGS. 2 and 3, shaft 26 of setting pin 24 is adapted to be slidably disposed 
within aperture 15 of body 12. When body 12 is moved distally with respect to setting pin 24, 
camming surface 36 eventually contacts the distal tips of legs 18. Further distal movement of 
body 12 causes legs 18 to splay radially apart under the camming action of surface 36 because the 
diameter of bulbous portion 34 is greater than that of aperture 15. Distal movement of body 12 
can be effected by an instrument which distally advances body 1 2 while holding setting pin 24 
stationary, or which grips and pulls head 32 of setting pin 24 while holding body 12 stationary. 
At a predetermined point, legs 1 8 are fully expanded and the setting pin 24 cannot move any 
further through aperture 15. Increased pulling force applied to the proximal end portion of shaft 
26 causes shaft 26 to fracture at breakaway notch 52 thereby splitting off the proximal end 
portion shaft 26 when a predetermined force is applied. Setting pin 24 is configured and 
dimensioned such that when setting pin shaft 26 undergoes the controlled fracture at full 
expansion of legsl8 ? breakaway notch 52 will not be positioned outside aperture 15 of the body 
12 but rather within aperture 15. 

9 
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Referring now to FIG. 4, disposable loading unit 150 is provided to the surgeon in 
sterilized form and may arrive fully assembled with tissue fastener 10 positioned in mounting 
member 100 or the components may be separated requiring assembly. 

In order to assemble tissue fastener 10 within mounting member 1 00, elongated shaft 26 
of setting pin 24 is inserted into keyhole shaped mounting slot 1 10 in mounting member 100. 
Elongated shaft 26 is advanced within slot 110 until head 32 is flexed to a position down into slot 
110 and abuts abutment wall 112. Thus, head 16 of expandable body 12 is positioned within 
recess 104 in collar 102. In this manner Ihe disposable loading unit is assembled and is ready for 
insertion into an implantation instrument. Attached suture 40 and needle 46 may be provided 
loose or maybe provided in a separate loading unit to facilitate loading needle 46 into a surgical 
suturing instrument. 

Referring now to FIG. 5, there is disclosed a suitable tissue fastener implantation 
apparatus 200, the components and operation of which are more fully described in U.S. Patent 
No. 5,928,244 to Tovey et ah, the entire disclosure of which is incorporated by reference herein. 
In general, implantation apparatus 200 includes an elongated portion 202 extending distally from 
a handle portion 204. Handle portion 204 generally includes a stationary handle portion 206 and 
a trigger 208. Operation of trigger 208 acts as operating structure to expand tissue fastener 10. 

A distal end of elongated portion 202 is provided with an L-shaped slot 210 configured to 
receive bayonet mounting pins 108 of mounting member 100. In order to assemble on disposable 
loading unit 150 into implantation apparatus 200, mounting member 100 is positioned and 
advanced into the distal end of elongated member 202 such that bayonet mounting pins 108 enter 
elongated slot 210. Mounting memberlOO is then rotated such that bayonet pins 108 are rotated 
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into the transverse portion 212 of slot 210. Thus, the disposable loading unit 150 including 
mounting member 100 and tissue fastener 10 are securely attached to the distal end of 
implantation apparatus 200. As noted above, operation of trigger will drive expandable body 12 
distally relative to setting pin 24 to thereby expand legs 18 radially outward. 

As noted hereinabove, tissue fastener 10 includes a length of suture 40 and a needle 46. 
Needle 46 may be of any suitable tissue suturing variety. However, the preferred needle 46 is a 
surgical incision member 46 of the type noted in U.S. Patent No. 5,569,301 the contents of which 
were incorporated by reference hereinabove. When utilizing surgical incision member 46, the 
use of a particular suturing apparatus disclosed in U.S. Patent No. 5,569,301 is advantageous. 
Suturing apparatus 250 generally includes a handle portion 252 having a pair of pivoting handles 
254 affixed thereto. An elongaled member 256 extends distally from handle portion 252 and 
terminates in a pair of movable jaws 258 and 260. Actuation of handles 254 opens and closes 
jaws 258 and 260. As discussed in U.S. Patent No. 5,569,301 , operation of a toggle lever 262 
functions to releasably and alternatively secure surgical incision member 46 within jaws 258 and 
260. Thus, by closing handles 254, jaws 258 and 260 close and cause surgical incision 46 to 
penetrate tissue positioned therebetween, upon operation of toggle lever 262, surgical incision 
member 46 can be released from a first jaw and secured in a second jaw to thereby pass the ■ 
needle through tissue upon opening of jaws 258, 260. 

Referring now to FIG. 6, the use of tissue fastener 10 to secure a piece of tissue such as 
muscle tissue relative to bone will now be described. While this discussion has broad 
applicability to any situation where muscle tissue, ligaments or other soft tissue are to be secured 
to bone, the following discussion is in terms of securing tissue adjacent a bore drilled jn bone as 
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in typical shoulder surgeries. As shown in FIG. 6, the suturing apparatus has been operated to 
pass surgical incision member 46 and a portion of associated length of suture 40 through a tissue 
section A. As more fully discussed in U.S. Patent No.5,569,301, this is accomplished by 
positioning the surgical incision member in jaw 258, operating suturing apparatus 250 to close 
jaws 258 and 260 together so as to pierce tissue section A with surgical incision member 46 and 
actuating the surgical suturing instrument so as to release surgical incision member 46 from 
upper jaw 258 and securely grasping it in lower jaw 260, thus on opening of jaws 258 and 260 
surgical incision member 46 and portion of suture 40 is pulled through tissue section A. 

Referring now to FIG. 7, in order to secure tissue section A to distal end of setting pin 24, 
suturing apparatus 250 is again operated so as to pass surgical incision member 46 through 
bore transverse 50 in bulbous portion 34 of setting pin 24. By manipulating surgical suturing 
apparatus 250, tension may be applied to suture 40 so as to draw tissue section A tightly against 
the distal end of setting pin 24. 

Referring now to FIG. 8, in order to secure and draw a tissue section adjacent a particular 
section of bone, a bore B is drilled in the desired section of shoulder bone C. Once a bore B has 
been drilled in bone C, implantation apparatus 200 can be manipulated so as to position the 
unfired tissue fastenerlO having a length of tissue A secured adjacent to it within bore B. 

Referring to FIGS. 8-10, actuation of implantation apparatus 200 drives a pair of pusher 
prongs 212 through access chamber 1 16 in mounting member 100 to engage head 16 of 
expandable member 12 and thus drive expandable member 12 distally relative to setting 24. 
Mounting member 1 00 may have access chamber 1 1 6 tapered toward the center of member 1 00 
to allow use with existing instrumentation and engage the relatively small diameter head 16 of 
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expandable member 12. As noted hereinabove, when tissue fastener 10 is loaded in mounting 



m 



ember 100, head 32 of setting pin 24 is restrained from movement. Thus, as the prongs drive 



expandable member 12 distally, the distal ends oflegs 1 8 are engaged by camming surface 36 on 
setting pin 24 and driven radially outwardly. As noted above, fins 28 are engaged and are guided 
by slots 20 formed in expandable member 12. As legs 18 are driven radially outward, barbs 22 
engage and secure a portion of suture 40 against the bone C within bore B. Alternatively tissue 
section A may be drawn into bore B prior to expanding expandable member 12. As discussed 

V 

above, when sufficient force has been applied to expandable member 12 by pusher prongs, 
expandable member 12 can advance no further relative to setting pin 24 and the additional force 
severs or breaks setting pin 24 at breakaway notch 52. 

As shown in FIG. 9, after actuation, setting pin 24 is disposed inwardly of head 16 of 
expandable member 12. In this manner, the section of tissue A is secured adjacent the opening 
of the bore in bone C. The suture 40 will be sufficiently tensioned so that the tissue section A 

outside the bore. Thus tension can be provided to suture 40 so as to snug an extreme end 

( 

of the tissue section adjacent tissue fastener 10 without drawing it down into the bore. ActuatioV, 
of the expandable member 12 secures and locks the suture in place within bore B thereby 
facilitating securemenl of the tissue section without the need for any external knots. Thus, this is 



remains 



a convenient, secure and easy knotless suture securing procedure. 

Referring now to FIG. 1 1, the use of tissue fastener 10 in knee ligament repair surgery 
where it is desirable to secure a distal end of a ligament within an elongated bore drilled in a knee 
bone will now be described. As noted above, often this is accomplished by threading a screw 
adjacent the ligament thereby abrading the ligament or by wedging the ligament together with 
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some sort of wedge into the bore in which event the ligament must travel a longitudinal distance 
while being abraded by bone on one side and the wedge on the other. The disclosed method has 
the distinct advantage of being able to position a ligament section within a bore in a knee bone 
without any trauma to the ligament. 

As shown in FIG. 11, initially sxirgical suturing apparatus 250 is actuated and so as to 
pass surgical incision member 46 and thus suture 40 through ligament section D. Preferably, 
surgical incision member 46 is passed back and forth through ligament section D several times so 
as to gain a secure hold of ligament D with suture 40. 

Referring now to FIG. 12, ligament section D is advanced along suture 40 towards 
beveled tip 3S ui)til the pierced section of ligament D is adjacent beveled tip 38. Thereafter, in 
order to firmly secure ligament section D to setting pin 24 the suturing apparatus is actuated To 
pass surgical incision 46 through transverse bore 50 in setting pin 24. The suture may then be 
wrapped around bulbous portion 34 and ligament D numerous times to thereby lash ligament D 
to the distal end of setting pin 24. 

Subsequently, disposable loading unit 150 containing the attached ligament D is mounted 
to the implant apparatus as described above. 

♦ 

Referring now to FIG. 13, once disposable loading unit 100 and apparatus 200 have been 
assembled > implantation apparatus 200 is positioned such that elongated portion 202 and tissue 
fastener 10 are advanced through bores E and F drilled through knee joints G and H. Specifically 
shown in FIG. 1 3, bores E and F through the knee bone sections are of sufficient diameter such 
that elongated portion 204 may be passed therethrough. However, because of the reduced 
diameter of tissue fastenerlO and ligament D, the ligament is not traumatized as it is advanced 
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through bones E and F. A smaller diameter bore 1 is drilled at the end of bore F to accommodate 
them. The point at which the implant is to be expanded is in the reduced diameter bore I. 

Referring to FIGS. 13 and 14, actuation of implantation apparatus 200 will operate to 
push expandable member 12 distalty relative to setting pin 24 thereby forcing legs 1 8 radially 
outwardly to engage and secure ligament section D adjacent to bone G. Thus, ligament D is 
firmly secured within bore F in sutureless fashion without trauma to ligament D and no 

additional knots need be tied. 

It will be understood that various modifications may be made to the embodiments 
disclosed herein. For example, barbs 22 3re an expandable member. 12 may be reconfigured as 
abraded surfaces or other means to frictionally engage suture 12 when cammed against suture 12 
in a bore in bone. Additionally, barbs 22 may assume a rounded configuration to be less 
traumatic to any associated ligament or tissue section engaged by legs 13 as they expand. The 
above description should not be construed as limiting, but merely as exemplifications of 
preferred embodiments and methods. Those skilled in the art will envision other modifications 
and uses within the scope and spirit of the claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. A knotless tissue anchor comprising: 

an expandable member defining a bore therethrough and including a radially 
expandable portion; 

an inner member slidably disposed within the bore of the expandable member 
such that the expandable portion expands radially outwardly in response to longitudinal motion 
of the expandable member relative to the inner member; and 

a length of sutUTe having a first end and a second end, the first end of the suture 
being affixed to the distal end of the inner member. 

2. The knotless tissue anchor as recited in Claim 1, wherein the expandable portion 
includes at least two flexible legs. 

3. The knotiess tissue anchor as recited in Claim 2 wherein the inner member has a 
camming surface configured to engage the at least two flexible legs to force ends of said legs 
radially outward in response to relative longitudinal motion between the expandable member and 
the inner member. 

4. The knotless tissue anchor as recited in Claim 3, wherein the camming surface 
engages the at least two legs in response to distal movement of the expandable member relative 
to the inner member. 
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5. The knotless tissue anchor as recited in Claim 1, wherein a distal portion of the 
inner member defines a transverse bone therethrough for receipt of the length of suture. 



6. The knotless tissue anchor as recited in Claim 1, further comprising a needle 
affixed to the second end of the suture. 



7. The knotless tissue anchor as recited in Claim 6, wherein the needle is a double 
pointed incision member and the second end of the suture is affixed to the needle intermediate 
the points. 



c 



8. The knotless tissue anchor 3S recited in Claim 2, wherein the at least two flexible 
legs define at least two slots therebetween, the inner member having at least two fins, each one of 
the at least two fms configured to be slidably received within a corresponding slot of the at least 



two slots. 



9. The knotless tissue anchor as recited in Claim 1, wherein the inner member has 
circumferential ridges, the ridges engageable with the expandable member to prevent distal 
motion of the inner member relative to the expandable member after the expandable portion has 
been radially expanded. 



1 0. The knotless tissue anchor as recited in Claim 2, wherein the at least two 
expandable legs have ridges on outer surfaces thereof to frictionally engage surrounding bone. 
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1 1 . The knotless tissue anchor as recited in Claim 1 , wherein the expandable member 
has an enlarged head at a proximal end thereof. 



12. A method of knollessly suturing a section of tissue to bone comprising: 

providing a tissue fastener having an expandable outer member, an inner member 
movably mounted within the outer member, the outer member being radially expandable in 
response to relative longitudinal movement between the expandable member and the inner 
member and a length of suture having a first end affixed to the inner member and a second free 

end; 

passing the free end of the suture through tissue to be fastened; 
inserting the tissue fastener in a bore formed in bone; 

positioning a portion of the suture located between the tissue and the second free 
end between the expandable member and the bore in the bone; and 

expanding the expandable member into engagement with the bone such that the 
portion of the suture is secured between the expandable member and the bone. 



13. The method as recited in Claim 12, wherein the inner member includes a 
transverse bore in a distal end thereof and the step of positioning includes passing the free end of 
the suture through the transverse bore. 



14. The method as recited in Claim 1 3, further comprising applying tension to the 
second free end of the suture to draw the tissue adjacent the tissue fastener. 



IS 
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15. The method as recited in Claim 12 wherein the second free end of the suture 
has a needle affixed thereto and the step of passing includes piercing the tissue with the needle. 

16. A method of securing a ligament within a bore formed in bone comprising: 

providing a tissue fastener having an expandable member and a length of suture; 

securing an end of the ligament to the tissue fastener with the length of suture; 

placing the tissue fastener and ligament in the bore formed in bone such that a ^ 

V 

portion of the ligament extends parallel to the tissue fastener; and 

expanding the expandable member to secure the ligament between the expandable 

member and the bone. 

17. The method aa recited in Claim 16 wherein the step of securing includes passing 
the suture through the ligament. 

1 8. The method as recited in Claim 17 wherein the step of securing further includes C 
lashing the ligament to an inner member of the tissue fastener. 

1 9. The method as recited in Claim 1 8 wherein distal movement of the expandable 
member relative to the inner member expands the expandable member and forces the lashed 
section of the ligament off the inner member. 

20. A mounting member for use with a surgical implantation apparatus comprising: 
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a shaft having structure forreleasably engaging corresponding structure on an 
implantation apparatus, the shaft having at least one longitudinal access chamber for receipt of 
driving structure associated with the implantation apparatus. 

2 1 . The mounting member as recited in Claim 20, further comprising an expandable 
tissue anchor wherein the shaft has mounting structure at a distal end thereof for releasably 
engaging the expandable tissue anchor such that the combined mounting member and tissue 
anchor form a disposable loading unit. 
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